
National Marine Fisheries Service
Southwest Region
Long Beach, California

NMFS Proposed Recovery Plan 
for the 

Sacramento River Winter-run Chinook Salmon

August 1997



Proposed Recovery Plan for the 
Sacramento River Winter-run Chinook Salmon

National Marine Fisheries Service
Southwest Region, Long Beach, California

Recovery Team Members

Louis Botsford, Ph.D. Dennis Hedgecock, Ph.D.
University of California U.C. Bodega Marine Laboratory
Davis, California Bodega Bay, California

Phil Hedrick, Ph.D. Robert Kope
Arizona State University National Marine Fisheries Service
Tempe, Arizona Seattle, Washington

Terry J.  Mills Jim Smith
California Department of Fish and Game U.S. Fish and Wildlife Service
Sacramento, California Red Bluff, California

Roger Wolcott
National Marine Fisheries Service (Retired)
Bend, Oregon

Recovery Team Technical Advisors

Lisa Holsinger Deborah McKee
National Marine Fisheries Service California Department of Fish and Game
Santa Rosa, California Sacramento, California

Katie Perry Harry Rectenwald
California Department of Fish and Game California Department of Fish and Game
Sacramento, California Redding, California

Recovery Team Coordinator

Craig Wingert
National Marine Fisheries Service
Long Beach, California

August 1997



i

Table of Contents

CHAPTER 1:  INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I - 1
Listing History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I - 1
Designation of Critical Habitat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I - 4
Need for Recovery Plan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I - 5
Other Endangered Species . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I - 6
References for Chapter 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I - 13

CHAPTER 2:  STATUS OF WINTER-RUN CHINOOK SALMON . . . . . . . . . . . . . . . II - 1
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II - 1
Unique Species Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II - 1
Life History and Biological Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II - 2

Life History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II - 3
Biological Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II - 5

Historic Habitat Alteration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II - 8
Construction of Shasta Dam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II - 9
Delta Diversions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II - 11
Sacramento River Management and Alteration . . . . . . . . . . . . . . . . . . . . . . II - 12
Red Bluff Diversion Dam (RBDD) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II - 14

River and Ocean Harvest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II - 14
Native American Harvest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II - 14
In-river commercial harvest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II - 14
Advent of commercial ocean fishery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II - 15
Sport Fishery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II - 16
Summary of Fishery Impacts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II - 17

Decline of Population and Current Status . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II - 17
Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II - 18

CHAPTER 3: FACTORS AFFECTING WINTER-RUN CHINOOK . . . . . . . . . . . . . . III - 1

    I.  FACTORS AFFECTING SPAWNING AND REARING HABITAT . . . . . . . . . . . . . III - 2
Adverse Temperature Conditions:  Upper Sacramento River . . . . . . . . . . . . . . . . . . . . III - 2

Effects on Winter-run Chinook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 2
Existing Protective Measures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 3
Operational Management to Achieve Protective Temperatures . . . . . . . . . . . . . . . . . III - 4
Evaluation of Existing Protective Measures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 6

Adverse Temperature Conditions: Middle and Lower Sacramento River, and Delta
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 7

Effects on Winter-run Chinook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 7
Existing Protective Measures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 8

Adverse Flow Conditions:  Upper Sacramento River . . . . . . . . . . . . . . . . . . . . . . . . . III - 10
Effects on Winter-run Chinook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 10
Existing Protective Measures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 10

Adverse Flow Conditions:  Middle and Lower Sacramento River . . . . . . . . . . . . . . . . III - 11



ii

Effects on Winter-run Chinook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 11
Adverse Flow Conditions:  Delta Hydrodynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 12

Effects on Winter-run Chinook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 19
Summary of Impacts to Winter-run Chinook from CVP/SWP Pumping Operations

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 29
Existing Protective Measures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 30
Principles for Agreement on Bay-Delta Standards. . . . . . . . . . . . . . . . . . . . . . . . . . III - 32

Physical Habitat Alteration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 34
Loss of Riparian Habitat from Levee Building and Bank Protection . . . . . . . . . . . . III - 34
Loss of Tidal Marsh Habitat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 40

Water Pollution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 43
Point Sources of Pollution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 43

    II.  FACTORS AFFECTING JUVENILE AND ADULT PASSAGE . . . . . . . . . . . . . . III - 52
Keswick Dam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 53

Existing Protective Measures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 53
Anderson-Cottonwood Irrigation District Dam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 54

Effects on Winter-run Chinook. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 54
Existing Protective Measures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 54

Red Bluff Diversion Dam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 55
Effects on Winter-run Chinook. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 56
Existing Protective Measures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 59

Glenn-Colusa Irrigation District Hamilton City Pumping Plant . . . . . . . . . . . . . . . . . . III - 59
Effects on Winter-run Chinook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 59
Existing Protective Measures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 60

Sacramento Deep Water Ship Channel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 62
Suisun Marsh Salinity Control Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 62

Effects on Winter-run Chinook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 63
Existing Protective Measures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 64

Entrainment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 66
Effects on Winter-run Chinook Salmon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 66
Existing Protective Measures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 67

    III.  POTENTIAL IMPACTS FROM THE WINTER-RUN CHINOOK ARTIFICIAL
PROPAGATION PROGRAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 69
Potential Effects on Winter-run Chinook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 69
Existing Protection Measures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 71

    IV.  HARVEST IMPACTS ON WINTER-RUN CHINOOK . . . . . . . . . . . . . . . . . . . . . III - 72
Ocean Salmon Fishery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 72

Effects on Winter-run Chinook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 72
Existing Protection Measures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 75

Other Ocean Fisheries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 76
Effects on Winter-run Chinook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 76
Existing Protective Measures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 77



iii

In-River Sport Salmon Fishery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 77

    V.  IMPACTS ON WINTER-RUN CHINOOK FROM FISH AND WILDLIFE
MANAGEMENT PROGRAMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 77
Striped Bass Management Program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 77

Striped Bass Stocking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 80
Effects on Winter-run Chinook. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 80
Striped Bass Monitoring Program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 81
Effects on Winter-run Chinook. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 82
Existing Protective Measures.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 82

State and Federal Salmon and Steelhead Hatchery Programs . . . . . . . . . . . . . . . . . . . III - 82
Effects on Winter-run Chinook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 83

Rice Stubble Decomposition and Waterfowl Habitat Development . . . . . . . . . . . . . . . III - 88

    VI. OTHER PROBLEMS IN THE CONSERVATION OF WINTER-RUN CHINOOK III - 89
Predation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 89

Predation in the Sacramento River and Delta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 89
Ocean Predation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 93

Introduced species . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 93
Invertebrate Introductions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 93
Existing Protective Measures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 94

Infectious Disease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 94
Effects on Winter-run Chinook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 95
Existing Protective Measures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 96

    VII.  IMPACTS FROM CLIMATIC VARIATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 97
Drought Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 97

Effects on Winter-run Chinook. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 97
Ocean Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 98
El Niño . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 102
References for Chapter 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 105

CHAPTER 4:  RECOVERY GOALS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IV - 1
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IV - 1
Delisting Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IV - 2
Population Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IV - 2
Extinction Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IV - 3
Development of Delisting Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IV - 5

Error in Estimating Average CRR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IV - 5
Error in Estimating Spawner Abundance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IV - 6

Genetic Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IV - 7
References for Chapter 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IV - 11

CHAPTER 5:  NEEDED RESTORATION ACTIONS . . . . . . . . . . . . . . . . . . . . . . . . . . V - 1
GOAL I:  PROTECT AND RESTORE SPAWNING AND REARING HABITAT . . . V - 5
GOAL II:  IMPROVE SURVIVAL OF DOWNSTREAM  MIGRANTS . . . . . . . . . . V - 33



iv

GOAL III: IMPROVE ADULT UPSTREAM PASSAGE . . . . . . . . . . . . . . . . . . . . . V - 47
GOAL IV: PREVENT EXTINCTION THROUGH ARTIFICIAL PROPAGATION

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . V - 56
GOAL V:  REDUCE HARVEST AND INCIDENTAL TAKE IN COMMERCIAL AND

RECREATIONAL FISHERIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . V - 62
GOAL VI:  REDUCE IMPACTS OF OTHER FISH AND WILDLIFE

MANAGEMENT PROGRAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . V - 67
GOAL VII:  IMPROVE UNDERSTANDING OF LIFE HISTORY

AND HABITAT REQUIREMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . V - 76
References for Chapter 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . V - 87

CHAPTER 6:  IMPLEMENTATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VI - 1
Mechanisms for Successful Implementation of the Sacramento River

Winter-run Chinook Salmon Recovery Program . . . . . . . . . . . . . . . . . . . . . . . . . . . . VI - 1
Central Valley Project Improvement Act . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VI - 2
Agreement Between the Department of Water Resources and the Department of Fish and

Game to Offset Direct Fish Losses in Relation to the Harvey O. Banks Delta Pumping
Plant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VI - 4

Agreement to Reduce and Offset Direct Fish Losses Associated with the Operation of the
Tracy Pumping Plant and Tracy Fish Collection Facility . . . . . . . . . . . . . . . . . . . . . . VI - 4

Category III . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VI - 4
CALFED Bay-Delta Program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VI - 5
Endangered Species Act Section 6 Funding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VI - 5
Consistency between Principles of Agreement, Native Fishes Recovery Plan, Delta Water

Quality Control Plan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VI - 6
Other Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VI - 6

Interagency, Multidisciplinary Restoration Team . . . . . . . . . . . . . . . . . . . . . . . . . . . VI - 7
Partnerships. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VI - 7
Implementation Schedule . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VI - 7

APPENDIX A.  TABLE 1. List of Threatened or Endangered Species, or Species of Concern
That are Found in the Critical Habitat of the Sacramento River
Winter-run Chinook Salmon . . . . . . . . . . . . . . . . . . . . . . . . . A - 1

APPENDIX B.  TABLE 1. List of Terrestrial Natural Communities Within or Adjacent to
Critical Habitat of Sacramento River Winter-run Chinook Salmon
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B - 1

APPENDIX C.  Viability of a Pacific Salmon Population: the Sacramento River
Winter Run Chinook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C - 1



v

List of Tables

Table I-1. Chronology of Administrative Actions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I - 9
Table I-2. The 1988 Ten-point Program to Restore Winter-run Chinook . . . . . . . . . . . . I - 11
Table I-3. Sacramento River Winter-run Chinook Recovery Team . . . . . . . . . . . . . . . . I - 12
Table II-1. Statistics of Flow Data (cfs) for Sacramento River . . . . . . . . . . . . . . . . . . . II - 11
Table II-2. Annual Estimated Winter-run Chinook Salmon Run-size at Red Bluff Diversion

Dam, 1967 through 1995. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II - 19
Table III-1. Comparisons of the Survival Indices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 21
Table III-2. Comparison of 1992-1994 coded-wire tag survival . . . . . . . . . . . . . . . . . . . III - 22
Table III-3. Comparison of 1993-1996 coded-wire tag survival . . . . . . . . . . . . . . . . . . . III - 23
Table III-4. Survival indices for coded-wire tagged juvenile fall-run chinook . . . . . . . . . III - 23
Table III-5. Chinook Salmon and Steelhead Trout Mortality Episodes . . . . . . . . . . . . . . III - 46
Table III-6. Estimated Redd Distribution by Percentage and River Reach . . . . . . . . . . . III - 57
Table III-7. U.S. Fish and Wildlife Service Studies of the Percentage of Juvenile Chinook

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 64
Table III-8. Percent of Flow Entering Montezuma Slough . . . . . . . . . . . . . . . . . . . . . . . III - 65
Table III-9. Estimated Abundance and Catch of Adult Striped Bass . . . . . . . . . . . . . . . . III - 79
Table III-10. List of Central Valley Salmon and Steelhead Production Hatcheries . . . . . . III - 84
Table III-11. Summary of Clifton Court Forebay Pre-Screen Loss . . . . . . . . . . . . . . . . . . III - 92
Table III-12. Sacramento River Multi-Year Droughts . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 98
Table V-1.  Priority Definitions for Recovery Actions . . . . . . . . . . . . . . . . . . . . . . . . . . . V - 2
Table V-2. Recovery Goals for the Sacramento River Winter-run Chinook . . . . . . . . . . . V - 3
Table V-3. List of Recovery Actions for Sacramento River Winter-run Chinook Salmon

Related to Goal  I:  Protect and Restore Spawning and Rearing Habitat . . . . V - 5
Table V-4. Recommended minimum Sacramento River flows (cfs) at Keswick Dam . . . V - 17
Table V-5. List of Recovery Actions for Sacramento River Winter-run Chinook Salmon

Related to Goal II:  Improve Survival of Downstream Migrants . . . . . . . . . V - 33
Table V-6. List of Recovery Actions for Winter-run Chinook Related to Goal III:  Improve

Adult Upstream Passage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . V - 47
Table V-7. List of Recovery Actions for Sacramento River Winter-run Chinook Related to

Goal IV:  Prevent Extinction Through Artificial Propagation Programs . . . . V - 56
Table V-8. List of Recovery Actions for Sacramento River Winter-run Chinook Related to

Goal V:  Reduce Harvest and Incidental Take in Commercial and Recreational
Fisheries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . V - 62

Table V-9. List of Recovery Actions for Sacramento River Winter-run Chinook Related to
Goal VI:  Reduce Impacts of Other Fish and Wildlife Management Program

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . V - 67
Table V-10. List of Recovery Actions for Winter-run Chinook Related to Goal VII:  Improve

Understanding and Life History and Habitat Requirements of Winter-run Chinook
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . V - 76

Table VI-1. Measures to Avoid the Extinction of Winter-run Chinook . . . . . . . . . . . . . . . VI - 9



vi

List of Figures

Figure I-1. Map depicting Sacramento River winter-run chinook salmon critical habitat . . I - 8
Figure II-1. Estimated winter-run chinook population indices for various years between

1872 and 1996 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II - 20
Figure II-2. Average monthly flow of Keswick Dam releases from 1938 to 1987. . . . . . II - 21
Figure II-3. Monthly average Shasta Dam storage volumes from 1944 to 1993. . . . . . . . II - 23
Figure II-4. Monthly maximum temperature at Bend Bridge . . . . . . . . . . . . . . . . . . . . . II - 26
Figure II-5. Sacramento River gill-net landings from 1872 to 1950 . . . . . . . . . . . . . . . . II - 30
Figure II-6. Commercial salmon catch in the Sacramento and San Joaquin rivers . . . . . . II - 30
Figure II-7. California commercial salmon fishery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II - 31
Figure II-8. California ocean recreational landings from 1962 to 1994. . . . . . . . . . . . . . II - 32
Figure II-9. In-river sport harvest of winter-run chinook salmon upstream of the Red

Bluff Diversion Dam from 1967 - 1990. . . . . . . . . . . . . . . . . . . . . . . . . . . . II - 32
Figure II-10. Plot of Winter-run Chinook Salmon run-size at Red Bluff Diversion Dam. . II - 33
Figure II-11. Plot of the Natural Log of Winter-run Chinook Salmon Run-size at Red

Bluff Diversion Dam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II - 33
Figure III-1. Map of the Sacramento-San Joaquin Delta. . . . . . . . . . . . . . . . . . . . . . . . . . III - 14
Figure III-3. Total annual export at the State Water project, Central Valley Project, Contra

Costa Canal, and the North Bay Aqueduct . . . . . . . . . . . . . . . . . . . . . . . . . III - 15
Figure III-2. Mean monthly flow for the Sacramento River . . . . . . . . . . . . . . . . . . . . . . . III - 15
Figure III-4.  Mean monthly QWEST index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 17
Figure III-5. Mean monthly export/inflow ration from October 1955 through October 1994.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 17
Figure III-6. Mean Monthly percent of water diverted in the Delta from October 1955

through October 1994. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 18
Figure III-7. Mean monthly calculated Delta Cross Channel and Georgiana Slough flows

from October 155 through October 1994. . . . . . . . . . . . . . . . . . . . . . . . . . . III - 18
Figure III-8. Estimated flows at Jersey Point for October of water year 1993 . . . . . . . . . III - 26
Figure III-9. Estimated flows at Jersey Point for March of water year 1993 . . . . . . . . . . III - 27
Figure III-10. Historic gates-out operation of the Red Bluff Diversion Dam . . . . . . . . . . . III - 57
Figure III-11. Estimated Effective Population size (N ) . . . . . . . . . . . . . . . . . . . . . . . . . . . III - 70e

Figure IV-1. Cohort replacement rates estimated from spawning abundance counts at Red
Bluff Diversion Dam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IV - 9

Figure IV-2. The fit of the model to Spawning abundance data . . . . . . . . . . . . . . . . . . . . . IV - 9
Figure IV-3. Spawning abundance counts at the Red Bluff Diversion Dam from 1967 to

1985 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IV - 10


